Glucose 6-phosphatase (D-glucose 6-phosphate phosphohydrolase, EC 3.1.3.9) occupies a strategic position in carbohydrate metabolism, since glucose 6-phosphate is an intermediate in several metabolic pathways. The location of the enzyme in the membrane of the endoplasmic reticulum of liver, kidney and intestine suggests that the enzyme is involved in glucose transport (Nordlie, 1971) .
Although formally considered to be a hydrolytic enzyme, glucose 6-phosphatase possesses potent transferase activity, and under certain conditions this can exceed the rate of hydrolysis. The ability of liver microsomal glucose 6-phosphatase to catalyse phosphoryl transfer between glucose 6-phosphate and ['4C]glucose led to the suggestion that the enzyme catalyses both hydrolysis and phosphoryl transfer of glucose 6-phosphate by way of a phosphoryl-enzyme intermediate (Segal, 1959; Hass & Byrne, 1960a,b) . Chemical evidence for a phosphoryl-enzyme intermediate was provided by incubating rat liver microsomal fraction with glucose 6-[32Plphosphate, and demonstrating that 32p was incorporated into protein as N-3-phosphorylhistidine (Feldman & Butler, 1969 , 1972 (Reid & Wilson, 1971) .
There is growing evidence to support the view that enzymes catalyse single phosphoryl-transfer steps with inversion of configuration at the phosphorus atom (Knowles, 1980; D-Glucose 6-phosphate was assayed with D-glucose 6-phosphate dehydrogenase and NADP+ (Lang & Michal, 1974 (47.4, umol, 15, uCi) and D-glucose 6-[(R)-160,'70,'80lphosphate (0.22mmol) were dissolved in 50 mM-triethanolamine hydrochloride buffer, pH6.5 (9ml). A portion (25,ul) of this solution in water (75,u1) was added to Luma Gel (5 ml), and the solution was found to have 5091 c.p.m./,umol (counting efficiency approx. 56%). Glucose 6-phosphatase (3 units) was added, and the solution was incubated at 37°C. The D-glucose 6-phosphate hydrolysis was monitored by 3 lP n.m.r. spectroscopy and by the glucose 6-phosphate dehydrogenase assay. After 3.5h (the equilibration time had been established in a preliminary experiment) the mixture was acidified to pH 2 by the dropwise addition of 1 M-HCI and vigorously agitated with chloroform. After separation and filtration, the aqueous layer was adjusted to pH 8.0 with NaOH solution and applied to a column (100ml) of DEAE-Sephadex A-25 that had been equilibrated with 25 mM-triethylammonium bicarbonate buffer, pH 8.0. The column was run with a gradient of 25-250mM-triethylammonium bicarbonate buffer, pH8.0, over 16h at a flow rate of 82ml/h. D-Glucose 6-1160,170, 1801phosphate was eluted, and the fractions were pooled and evaporated; enzymic assay showed there to be 0.105 mmol, which had a specific radioactivity of 5500 c.p.m./,umol.
Analysis of the chirality at phosphorus of D-[U-
'4C]glucose 6-160, 170,'80phosphate This was performed as previously described for D-glucose 6-[(S)-160,'70,'80phosphate (Jarvest etal., 1981) . with inversion of configuration, by the time equilibration of the radioactivity has been achieved racemization of the chiral phosphoryl group should have occurred, since there is an equal probability that the product will be derived from an odd number as an even number of phosphoryl-transfer steps. If, however, phosphoryl transfer occurs by way of a phosphoryl-enzyme intermediate, the product can only be derived by an even number of phosphoryl-transfer steps, and hence the recovered D-glucose 6-160,170,'80]phosphate should retain the (R)-configuration at the phosphorus atom.
In order to determine the chirality at the phosphorus atom the recovered D-[U-'4C]glucose 6-1160,'70,180] phosphate was cyclized and methylated as previously described ; the 31P n.m.r. spectrum is shown in Fig. 1 (Jones et al., 1978) and acid phosphatase from bovine liver (Saini et al., 1981) (Nordlie, 1971) . Non-specific phosphatases presumably do not have a binding site for the leaving group, and, since the binding energy for water at the active site must be relatively small, it could be that it is necessary to have a covalent intermediate on the reaction pathway in order to lower the entropy of activation. This explanation is consistent with the finding that the specific enzyme cyclic AMP phos-phodiesterase from both bovine heart and yeast catalyses the hydrolysis of cyclic AMP with inversion of configuration ; R. L. Jarvest, G. Lowe, J. Baraniak & W. J. Stec, unpublished work), whereas the non-specific snakevenom phosphodiesterase catalyses the hydrolysis of phosphate diesters with retention of configuration . However, it would be unwise to regard specificity as an infallible guide to mechanism, as is well illustrated by the ATPases: myosin and mitochondrial ATPases catalyse the hydrolysis of ATP with inversion of configuration at the phosphorus atom , whereas the sarcoplasmicreticulum ATPase catalyses the hydrolysis of ATP with retention of configuration at the phosphorus atom (Webb & Trentham, 1981) .
